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ABSTRACT

During the past two years First Solar has concentrated
heavily on process and product improvement in high
volume manufacturing of high quality, low cost
CdTe/CdS solar modules. Substantial improvements
have been achieved in product stability, efficiency, and
manufacturing costs. In 2002 First Solar began pilot line
production of high quality modules for sale in the
commercial marketplace.  First Solar is currently
carrying out its “Gen II Manufacturing Line” program
that will increase module manufacturing capacity from
its current value of 2 MW/yr to 25 MW/yr of 10%
efficient modules by the end of 2004.

Critical technology development work underway will
enable average production module efficiencies beyond
13% within 5 years. Current areas of focus for this
longer term development work are: improved
distributors for deposition of semiconductor films,
improved methods to evaluate and improve module
stability as efficiency is enhanced, and improved in-
process metrology.

1. Current Manufacturing

During 2002 First Solar began commercial
manufacture and sale of polycrystalline thin film CdTe
PV modules. By the end of 2002 manufacturing
throughput was at a rate of 2 MW/yr (800 7200 cm’
modules/wk) and average total area module efficiency
was 8% with yield of 70%. (See Fig. 1.) In addition,
First Solar modules have been UL 1703 and IEC 61646
certified [1].
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Figure 1. Modules produced and cascaded ieyeild.

First Solar has demonstrated champion modules of
approximately 10% conversion efficiency, and these
improvements are currently being introduced to the
manufacturing line. Whole line module yields improved
from <10% to greater than 70%, with expected yields in
the high eighties by the time the Gen II line is
operational.

Although there has been substantial progress in
manufacturing volume, cost reduction, and efficiency
improvement, much of the technical focus the last 2 years
centered on stability improvement.  First Solar routinely
uses an internal stability test — a 56 day, 65 °C open circuit
light soak — on a sample of production modules each month.
The average efficiency degradation from initial value for
modules made prior to the stability improvement activity
was about -23%. Robust Engineering techniques utilizing
Taguchi orthogonal array experiments were applied to this
problem in late 2001. The experiments identified several
process factors that could be adjusted to significantly
improve module stability. The production line was brought
back up with these improvements, resulting in average
module degradation consistently better than -5% over the
last year. First Solar is also aggressively engaged in a
comprehensive outdoor testing plan. Thousands of modules
have been deployed in various test fields throughout the
country, many of which are independently operated and
verified. The oldest of these arrays resides at NREL, with
the latest report summarizing: “After seven years of
operation, the loss in performance is comparable to that
expected (1% per year) for commercially available
crystalline silicon modules.”[2]

To capitalize on the progress made to date, First Solar is
currently engaged in its “Gen II” program that will increase
plant capacity to 25 MW/yr of stable, 10% total area
efficiency modules. Gen II includes: 1) upgrading and
replacing key pieces of equipment, 2)optimizing
manufacturing processes though continuing Robust
Engineering practices and 3) implementing demonstrated
product performance enhancements that have been
previously developed. This program of upgrades has been
carefully and thoroughly planned using the proven Critical
Chain program management methodology. At
approximately 40% of the program completed, First Solar is
ahead of schedule and expects the new Gen II line to be
fully operational by November of 2004.

2. Distributors

CdTe and CdS films are deposited by vapor transport
deposition (VTD) — a process that includes vaporization of
powders of CdTe or CdS, their subsequent transport by a
carrier gas and their distribution onto a glass superstrate [3].
Currently used CdTe and CdS distributors produce films of
uniform thickness with good inherent material utilization
efficiency, but there are spatial variations in grain size,
crystallographic orientation and structural defect density
across the width of the plate [4]. Advanced distributor
designs are being developed that greatly reduce the cross-
plate variation. Figure 2 displays how “roughness” — an
internally defined variable that measures one manifestation



of this variation — can be improved with an experimental
distributor design. It is expected that improved
distributors will be incorporated into the Gen II line.
Additional improvements in efficiency are attributable to
use of thinner CdS. As shown in Table 1, reducing CdS
thickness has increased Jsc and Jmp by ~1.4 mA/cm’
and total area module efficiency by ~0.5%.
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Figure 2. Roughness measured on plates deposited
using “original” and “improved” distributor designs
— both films are ~3.2 pm thick. Roughness is
calculated from specular and scattered reflectance
components.

Table 1. Production line module parameters from all
modules produced between 10/1/02 and 2/10/03 -
including test modules. Data are sorted by “target”
CdS thickness; CdS thickness indicated is from on-
line laser absorption measurement.

“Thick CdS” | “Thin CdS”
CdS Thickness (A) 3400 1740
Total Area Efficiency (%) 7.53 8.01
Jsc (mA/cm?) 19.7 21.3
Jmp (mA/cm?) 16.6 18.0
Voc/cell (mV) 751 748
Vmp/cell (mV) 530 523
FF (%) 59.3 59.1

3. Stability

Identification and minimization of mechanisms
responsible for changes in cell performance is important
for improving long-term reliability of CdTe thin film PV
modules. Device performance under a variety of
stressing conditions is investigated on the cell-scale (1.1
cm?). Changes in material properties that are responsible
for changes in IV-characteristics are induced by external
stresses. Experiments include stressing of illuminated
devices in a temperature range of 65°C - 115°C under
open circuit, short circuit, resistive load, forward (< 38
mA/cm®) and reverse (< -2V) bias conditions. In general,
reverse bias seems to change the IV-characteristics most
significantly, while open circuit and resistive load
conditions induce less dramatic changes in relevant PV-
parameters (See Figures. 3 and 4.) Changes in PV
performance tend to saturate with time and temperature
but elevated temperatures accelerate achievement of
“stress saturation”.

Effects summarized under the term “device degradation” are
cumulative, so that more than one mechanism leading to
device deterioration has to be considered. In other words,
contributions from several mechanisms may work in parallel
to produce separate material changes that lead to different
degrad?tsion phenomena.
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Figure 3. Dark and light IV-curves: 1) “pre-soak”: 12h
at Voc/light/90°C; 2) stress: 7d at Voc/light/90°C.
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Figure 4. Dark and light IV-curves: 1) “pre-soak”: 12h
at Voc/light/90°C; 2) stress: for 7d at -2V/light/90°C;
3) after recovery for 1d at Voc/dark/25°C; and 4) after
recovery for a total of 36d at Voc/dark/25°C.

As seen in Fig. 4, in some cases degraded devices
partially recover upon being stored in the dark at room
temperature with zero bias, suggesting that at least some of
the degradation mechanisms are reversible. On the other
hand, reverse biased devices do not return to their original
performance and devices stressed in forward bias display
less tendency to recovery. Thus it is possible that there are



various mechanisms — reversible and irreversible — th-
that work in parallel. While a detailed model has not
been developed, a favored hypothesis is that material
changes are driven by stress-induced changes in the local
Fermi level. Equilibrium defect concentrations — within
grains, at grain boundaries, and at interfaces —a- are
determined by the local chemical potential and local
Fermi level. Application of electrical bias or
illumination changes the local Fermi level and therefore
changes the local quasi-equilibrium defect
concentrations. The local defect chemistry then tends to
adjust toward the new local equilibrium, changing faster
at higher temperature. As the internal distribution of
defects changes, however, the relationship between the
external electrical bias and internal Fermi level also
changes leading to additional changes in the local
equilibria. Thus material chemistry changes over time
can be visualized as moving along a chemical pathway.
Due to the changed local defect concentrations, restoring
the external bias and illumination to their original values
does not restore the local internal Fermi levels to their
original values. Thus “irreversible” changes may be due
to situations in which the material system cannot re-trace
its chemical pathway. This model suggests than small
changes in device chemistry may be reversible, but that
excessive stress may induce irreversible changes.

Other irreversible changes may be attributed to
chemical/material changes that are not associated with
the Fermi level. For example chemical reactions may
take place at the back contact or traces of adsorbed
oxygen may become chemically active. Exploration of
these mechanisms is the subject of ongoing studies.
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Figure 5. Representative photoluminescence data
suggesting that certain metastable defects may be
associated with reversible stress-induced changes in
I-V behavior [5].

Photoluminescence (PL) measurements are used to
detect native defects and impurity related states within
the band gap of the CdTe absorber material, provided
that recombination is radiative. A rough comparison of
the PL spectra obtained for an unstressed and a sample
stressed for 6 days under —2V (reverse) bias shows the

development of a PL peak at around 1.5 eV - possibly due to
a donor or donor-acceptor pair (DAP). As seen in Fig. 5,
this PL peak disappears during device recovery under OC
conditions in the dark, suggesting that in this case the defect
chemistry is reversible. In addition, however, this PL peak is
not observed for devices stressed under OC conditions
(light) nor for devices that have achieved “stress saturation”
at OC or reverse bias in the light, nor does this peak occur in
all devices. In the case of “stress saturation” this
“intermediate defect equilibrium” may have already been
surmounted, so that the DAP can not be found.

4. In-Process Metrology

Spectrophotometery can be useful in thin-film
photovoltaic manufacturing to monitor solar cell processing.
Optical reflectance of glass/TCO/CdS/CdTe is measured in
the wavelength range of 300-2500 nm using a Cary-500
spectrophotometer both from the glass side as well as from
the CdTe side. Quantitative analysis is complicated because
of multiple incoherent reflectances at interfaces and the
reflection coefficients in their general forms must be used
for evaluation. However, some parameters such as CdTe
band gap can be easily obtained from the location of abrupt
change in reflectance at the fundamental absorption edge
due to abrupt change in the extinction coefficient of the
film.
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Figure 6. Spectral reflectance of the as-deposited
glass/TCO/ CdS/CdTe structure from the glass side and
from the film side.
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Fig. 7. Spectral reflectance of the CdCl,-heat treated
glass/TCO/CdS/CdTe structure from the film side for
three different treatment temperatures.

A typical reflectance spectrum from as-deposited CdTe is
shown in Fig. 6. The curve with high reflectance in the
visible and strong interference fringes in the long



wavelength range indicates reflectance from the film
side. The second curve is for measurement from the
glass side. A small interference effect from TCO and
CdS films can be seen in the visible region from the
glass side. This interference effect is not seen from
CdTe side because no light is reflected back from the
CdS/CdTe interface for light with energy higher than the
CdTe band gap. A systematic change seems to take
place in the overall reflectance as the samples are treated
with CI under different anneal temperatures.

Analysis of reflectivity spectra is being used to
measure the systematic shift in CdTe band gap energy
due to increased interdiffusion of CdS and CdTe that is
observed with increasing CI anneal temperature. Figure 7
shows reflectance profiles of three samples that were Cl
annealed with slight changes in substrate temperature.
The systematic increase in overall reflectance suggests
increased mismatch in the optical coupling between air
and film and/or systematic change in surface roughness.
The two peaks at about 330 and 380 nm are the spin-
orbit split-off valence band to conduction band
transitions [6, 7].

X-ray diffraction (XRD) provides significant insight
into the microstructure properties of the films and of
changes that take place during CI treatment. Studies to
date, however, indicate that for devices of >10%
efficiency there is not a good correlation between XRD
and device PV properties such as Voc and FF. Device
properties may therefore be dominated more by the
electronic properties of the heterojunction than by bulk
CdTe crystallographic properties.

Additional measurement techniques are being
evaluated to achieve more robust and reliable in-line
metrics of film characteristics during the fabrication
progress.

5. Summary

First Solar has begun pilot line manufacturing of high
quality, low-cost thin film CdTe modules with average
total area efficiency of 8% and cascaded production line
yield of >70%. Continued process optimization and
incorporation of demonstrated product improvements
will result in production of 25 MW/yr of stable, 10%
efficient modules and >80% cascaded yield by the end of
2004. Technology Development programs in CdTe/CdS
distributor development, materials chemistry and in-
process  metrology are  providing  improved
semiconductor deposition capability, insight into
improved device stability and capability for robust
process control in support of programs that will further
increase production line module efficiency to 13%
within 5 years.

ACKNOWLEDGEMENTS
First Solar gratefully acknowledges technical support
from Harin Ullal and from the National CdTe R&D
Team. This work also received financial support from
NREL Subcontract RDJ-2-30630-20.

REFERENCES
[1] PVMat Subcontract No. ZAX-8-17647-06
[2]J. Adelstein and B. Marion, “Updated First Solar CdTe 1
kW System Performance, NREL Report, 1/10//03
[3] US Patents 5,945,163 and 6,037,241
[4] R.C. Powell, K. Kormanyos, G. Faykosh, D. Rose, U.
Jayamaha, D. Grecu, D. Giolando, G. Dorer, “Technical
Issues in Large Area CdS/CdTe Thin Film Deposition”,
NCPV Program Review 2000.
[5] PL data was supplied by Al Compaan and Diana
Shyvdka at the University of Toledo.
[6] A. E. Rakhshani, J. Appl. Phys. 81 (12), 7988 (1997)
[7] K. Wei, Fred H. Pollak, J. L. Freeouf, D. Shvydka and
A. D. Compaan, J. Appl. Phys. 85 (10), 7418 (1999)



	Home
	Proceedings
	Table of Contents
	Introduction
	Message from the Chairpersons

	Plenary Session I
	Opening Remarks
	NREL Welcome
	An Energy Security, Systems Context for Solar Energy Technologies
	Welcome to the NCPV and Solar Program Review
	Solar Energy Technologies—Contributing to a Robust Energy Infrastructure

	Plenary Session II
	R&D Opportunities in Solid State Lighting
	Photovoltaic Technology Experience Curves and Markets
	The DOE Solar Program: Photovoltaics
	Solar Thermal Overview
	Concentrating Solar Power Award Presentation
	Paul Rappaport Award Presentation

	Luncheon Topic: An Introduction to Solid-State Lighting
	What the PV Specialists Might Like to Know about Solid-State Lighting
	Solid State Lighting for Human Development

	Module Reliability
	Long Term Photovoltaic Module Reliability
	Stabilization of High Efficiency CdTe Photovoltaic Modules in Controlled Indoor Light Soaking
	Surface Analysis of Stressed and Control Tin Oxide Thin Films on Soda Lime Glass
	Materials Testing for PV Module Encapsulation
	Development of a Super Fast-Cure and Flame-Retardant EVA-Based Encapsulant
	Long-Term Performance of the SERF PV Systems

	III-V Materials and Concentrators
	Defects in GaInNAs: What We've Learned So Far
	The Promise of III-V Nitrides: Useful Properties out of Anomalous Physics
	Recrystallized Germanium on Ceramic for III-V Solar Cells Applications
	Advances in High-Efficiency Multijunction Terrestrial Concentrator Cells and Receivers
	Progress Report on the Integration of the Emcore Triple-Junction Solar Cell into a High Concentration Ratio Fresnel Lens-Based Receiver
	Concentrating Photovoltaic Module Testing at NREL's Concentrating Solar Radiation Users Facility

	Crystalline Silicon
	Rapid Thermal Processing Enhanced Hydrogenation and Screen-Printed Contacts in Silicon Ribbon Solar Cells
	Investigation of Electrical Activity of Dislocation and Grain Boundary in Polycrystalline Float Zone Silicon
	Impact of Metal Impurities on Solar Cell Performance
	Scanning Photoluminescence in Si3N4 Antireflected Coating of mc-Si

	Discussion with Ray Sutula, Manager, U.S. DOE Solar Energy Technologies Program
	Discussion on the Systems-Driven Approach to Research Planning
	Question and Answer Session on the Systems-Driven Approach

	Long-Term R&D Needs
	Solar Electric Future: Linking Science, Engineering, Invention, and Manufacturing
	R&D on Shell Solar’s CZ Silicon Product Manufacturing
	Polymer Photovoltaics — Challenges and Opportunities
	The AC PV Building Block — Ultimate Plug-n-Play that Brings Photovoltaics Directly to the Customer

	Synergies between Solid-State Lighting and PV
	Synergies Connecting the Photovoltaics and Solid-State Lighting Industries
	Research and Manufacturing Synergies between LEDs and PV
	OLEDs for General Illumination? Research & Development Issues
	Solar-Powered LED Lighting Technology

	Cadmium Telluride
	Manufacturing and Technology Development Programs at First Solar
	Mostly Nonuniformity Issues in Thin-Film PV
	Role of Process Chemistry and Stability on CdTe-Based Solar Cell Performance
	Spatially Resolved Cathodoluminescence of CdTe Thin Films and Solar Cells
	ZnTe:Cu Contact Optimization Strategies for Single-Junction and Multijunction CdS/CdTe PV Device Designs
	CdTe PV: Real and Perceived EHS Risks

	Systems Analysis and Reliability
	Advanced Dish Development System Test and Reliability Improvement
	A System-Driven Approach to Parabolic Trough R&D
	CSP Tower System Analysis and Program Planning
	Lifecycle Cost Assessment of Fielded Photovoltaic Systems
	Certification Programs for the Photovoltaic Industry Status and Plans
	Solar Building Systems Analysis

	Excitonics and Exotica: Advanced PV Concepts
	Advanced Concepts for Photovoltaic Cells
	Organic-Based ("Excitonic") Solar Cells
	Organic Photovoltaics Based on Self-Assembled Mesophases
	Influence of Device Architecture and Interface Morphology on the Power Conversion Efficiency of Small Molecular Photovoltaic Cells
	Polymer Based Nanostructured Donor-Acceptor Heterojunction Photovoltaic Devices
	Solar Energy Conversion with Ordered, Molecular, Light Harvesting Arrays

	Luncheon Topic: the Solar Decathlon
	Solar Decathlon, Energy We Can Live With

	Copper Indium Diselenide and Alloys
	High Yield CIS Production — Progress and Perspectives
	Mesoscopic Fluctuations in the Distribution of Electronic Defects Near the Surface Layer of Cu(In,Ga)Se2
	Microstructure of Surface Layers in Cu(In,Ga)Se2 Thin Films
	Advances in CuInSe2-Based Solar Cells: From Fundamentals to Processing
	New Methods for the Study of Defect Distributions in the Copper Indium Diselenide Alloys

	Concentrating Solar Power Technology
	SOLTRACE—a New Optical Modeling Tool for Solar Optics
	Improved Alignment Technique for Dish Concentrators
	Performance and Durability of Solar Reflectors and Solar Selective Coatings
	Trough Technology: The Path to Market Competitiveness at the NSTTF
	Parabolic Trough Testing and Component Evaluation
	Testing Thermocline Filler Materials for Parabolic Trough Thermal Energy Storage Systems

	PV Systems Engineering and Reliability
	Photovoltaics as a Distributed Energy Resource
	PV Inverter Testing, Modeling, and New Initiatives
	Sustainable Hybrid System Deployment with the Navajo Tribal Utility Authority
	Photovoltaic System Performance Characterization Methodologies
	Performance Index Software for the CEC/SMUD ReGen Program
	PV Inverter Products Manufacturing and Design Improvements for Cost Reduction and Performance Enhancements

	Amorphous and Thin-Film Silicon
	Status of Amorphous and Crystalline Thin-Film Silicon Solar Cell Activities
	Status of Hydrogenated Microcrystalline Silicon Solar Cells at United Solar
	Thin Silicon-on-Ceramic Solar Cells
	Amorphous and Microcrystalline Silicon Solar Cells--A Status Review
	Discussion: Amorphous and Thin-Film Silicon

	Solar Thermal, Solar Lighting, and Building-Integrated PV
	Testing and Evaluating a Solar Water Heating Product for the New Home Market
	Polymer Solar Thermal Systems
	Polymer Materials Durability
	ORNL's Hybrid Solar Lighting Program: Bringing Sunlight Inside
	Integrated Energy Roofs
	Plug and Play Components for Building Integrated PV Systems

	Manufacturing Research and Development
	PowerGuard Lean Manufacturing—Phase I Accomplishments
	PVMaT Improvements in BP Solar Large-Scale PV Module Manufacturing Using Ultra-Thin Multicrystalline Silicon Solar Cells
	Specific PVMaT R&D in CdTe Product Manufacturing
	APex™ Solar Cell Manufacturing
	EFG Ribbon Technology R&D for Large Scale Photovoltaic Manufacturing
	Process Control Advancements for Flexible CIGS PV Module Manufacturing

	Plenary Session III: Market Pull/Technology Push -- Where to Invest?
	Introduction
	Arizona Environmental Portfolio Standard
	Photovoltaics Market Pull
	Concentrating Solar Power Systems
	PVEnergy Systems, Inc., PV Forecast
	California Solar Energy Industries Association Presentation
	Strategies for Mainstreaming Grid-Connected PV This Decade
	Market Pull/Technology Push--Where to Invest?

	Poster Session: Advanced PV Concepts
	Polymer Hybrid Photovoltaics for Inexpensive Electricity Generation
	Does Network Geometry Influence the Electron Transport Dynamics in Mesoporous Nanoparticle Solar Cells?
	The Effects of Processing Conditions on Polymer Photovoltaic Device Performance
	Growth and Properties of Microcrystalline Ge-C Films and Devices
	Anchoring Group and Linker Effects on TiO2 Binding and Photoelectrochemical Properties of Solar Cell Dyes
	Broad Band Rugate Filters for High Performance Solar Electric Concentrators
	Optical Rectenna for the Direct Conversion of Sunlight to Electricity

	Poster Session: III-V Materials and Concentrators
	Advances in III-V Compounds and Solar Cells Grown on SiGe Substrates
	Selective Nucleation and Growth of GaAs on Si
	Stress Evolution in GaAsN Films Grown by Reactive Molecular Beam Epitaxy
	III-Nitride Semiconductors for Photovoltaic Applications
	Defect Trapping in InGaAsN Measured by Deep-Level Transient Spectroscopy
	GaNPAs Solar Cells that Can Be Lattice-Matched to Silicon
	Wafer Bonding and Layer Transfer Processes for High Efficiency Solar Cells
	Criteria for the Design of GaInP/GaAs/Ge Triple-Junction Cells to Optimize Their Performance Outdoors
	Projection of Best Achievable Efficiency from GaInP/GaAs/Ge Cell under Concentration
	Optical Design Studies for the Flat-Plate Micro-Concentrator Module
	Innovative Approach for the Design and Optimization for Multijunction Photovoltaic Devices
	Determination of Spatial Uniformity by Ion Imaging with Secondary Ion Mass Spectrometry (SIMS)

	Poster Session: Crystalline and Polycrystalline Silicon
	Hydrogenation of Bulk Si from SiNx:H Films: What Really Ends Up in the Si?
	Hot-Wire Chemical Vapor Deposition for Epitaxial Silicon Growth on Large-Grained Polycrystalline Silicon Templates
	Hot-Wire Chemical Vapor Deposition of High Hydrogen Content Silicon Nitride for Silicon Solar Cell Passivation and Anti-Reflection Coating Applications
	Material Improvements and Device Processing on APIVT-Grown Poly-Si Thin Layers
	Silicon Materials Research on Growth Processes, Impurities, and Defects
	Residual Stress Characterization for Solar Cells by Infrared Polariscopy
	Metallic Precipitate Contribution to Generation and Recombination Currents in p-n Junction Devices via the Schottky Effect

	Poster Session: Amorphous and Thin-Film Silicon
	The FTIR Laboratory in Support of the PV Program
	Real Time Optics of the Growth of Silicon Thin Films in Photovoltaics: Analysis of the Amorphous-to-Microcrystalline Phase Transition
	Micro-Raman Measurements of Mixed-Phase Hydrogenated Silicon Solar Cells
	In Situ Studies of the Growth of Amorphous and Microcrystalline Silicon Using Real-Time Spectroscopic Ellipsometry
	Microstructure Studies of Amorphous and Microcrystalline Silicon-Based Solar Cell Materials
	Correlation of Structural and Electronic Properties with Solar Cell Efficiency for Amorphous Silicon Deposited at Increasing Growth Rates
	Optimization of Phase-Engineered a-Si:H-Based Multijunction Solar Cells
	Hydrogenated Microcrystalline Silicon Solar Cells Using Microwave Glow Discharge
	Transport, Interfaces, and Modeling in Amorphous Silicon Based Solar Cells
	A Paired Hydrogen Site and the Staebler-Wronski Effect in Hydrogenated Amorphous Silicon
	Nano-Crystalline Silicon: A New Solar Material
	Particles and Radicals in Amorphous Silicon Deposition
	Optimization of Filament and Substrate Temperatures for High-Quality Narrow Gap a-Si1-xGex:H Alloys Grown by Hot-Wire CVD
	Growth of High Quality a-Ge:H Solar Cells
	Growth and Characterization of HWCVD Si Films on Al Coated Glass
	Thin Film Silicon Materials and Solar Cells Grown by Pulsed PECVD Technique
	PECVD µc-Si:H Solar Cells Prepared in a Batch-Type Single Chamber Reactor
	Development of Optically Enhanced Back Reflectors for Amorphous Silicon-Based Photovoltaic Technologies
	Project Summary of the NREL Amorphous Silicon Team
	High-Efficiency Single-Junction a-SiGe Solar Cells

	Poster Session: Polycrystalline Thin Films (CIS)
	Practical Doping Principles
	A Superior Monocrystalline CuInSe2 Cell
	Transmission Electron Microscopy Analysis of Cu(In,Ga)Se2 Solar Cell Materials
	Cu(In,Ga)Se2 Materials, Devices, and Analysis for High Performance Devices
	Facilities Development for Ionized Physical Vapor Deposition of Cu(In,Ga)Se2
	Alternate Window Layer Processing for CIGS on Flexible Substrates
	Development of Plasma-Assisted Processing for Selenization and Sulfurization of Absorber Layers
	Development of Large Area CIGSS Thin Film Solar Cells
	Non-Vacuum Processing of CIGS Solar Cells
	Investigation of Pulsed Non-Melt Laser Annealing (NLA) of CIGS-Based Solar Cells
	DLTS Characterization of CIGS Cells
	Direct Measurement of Built-in Electrical Potential in Photovoltaic Devices by Scanning Kelvin Probe Microscopy
	Modeling and Simulation of a CGS/CIGS Tandem Solar Cell
	Back Contact Cracking During Fabrication of CIGS Solar Cells on Polyimide Substrates
	Advanced CIGS Photovoltaic Technology
	An Overview of the CdTe – CIGS Thin Film Solar Cell Program at the University of South Florida

	Poster Session: Polycrystalline Thin Films (CdTe)
	Atomic Structure of Twin Boundaries in CdTe
	Development and Application of Electroluminescence Imaging for CdS/CdTe Characterization
	Progress on High Bandgap CdSe and CdZnTe Devices
	CdTe Back Contact: Response to Copper Addition and Out-Diffusion
	Progress in Continuous, In-Line Processing of Stable CdS/CdTe Devices
	Temperature Dependence of Growth Rate and Morphology of Vapor Transport Deposited CdTe Thin Films

	Poster Session: Polycrystalline Thin Films (TCOs and Others)
	Barrier Coatings for Thin Film Solar Cells
	Advantageous Features of Transparent Conducting Oxide Films by Ultrasonic Pyrosol Deposition
	Highly Conductive Textured Molybdenum Doped Indium Oxide Thin Films
	Ink Jet Printing Approaches to Solar Cell Contacts
	Towards High Performance p-Type Transparent Conducting Oxides

	Poster Session: International Programs
	Technical Support for the Chihuahua Telesecundaria Rural Schools PV Electrification Program
	International Renewable Energy Programs at Sandia National Laboratories

	Poster Session: Standards, Systems Analysis, and Reliability
	NREL Spectral Standards Development and Broadband Radiometric Calibrations
	Photovoltaic Systems Performance and Reliability Database
	Status of IEEE P1526 — Recommended Practice for Testing the Performance of Stand-Alone Photovoltaic Systems

	Poster Session: Module Reliability
	Photovoltaic Module Thermal/Wind Performance: Long-Term Monitoring and Model Development for Energy Rating
	PV Compliance Assistant: An Interactive CD ROM
	Adhesion Strength Study of EVA Encapsulants on Glass Substrates
	Electrochemical Corrosion in Thin Film PV Modules
	Accelerated Stress Testing of Thin-Film Modules with SnO2:F Transparent Conductors
	Nondestructive Performance Characterization Techniques for Module Reliability
	Investigation of Degradation Aspects of Field Deployed Photovoltaic Modules
	Testing and Evaluating a Solar Water Heating Product for The New Home Market
	Corrosion in Copper ICS Collectors at Civano Subdivision, Tucson, Arizona

	Poster Session: Manufacturing R&D
	PV Manufacturing R&D Accomplishments and Status
	Three-Stage CIGS Process Tolerance
	Innovative Approaches to Low Cost Module Manufacturing of String Ribbon Si PV Modules
	Recent Manufacturing Technology Developments at EPV
	Development of Online Diagnostic Systems for Roll-to-Roll a-Si Production: ECD's PV Manufacturing R&D Program
	Development of Automated Production Line Processes for Solar Brightfield Modules
	Measuring and Monitoring Electronic Properties of Si During Industrial Material Preparation and Cell Fabrication


	Attendee List
	How to Use This CD
	How to Search This CD
	Notice



